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OEK’LAPIZATIW OF DIFFUSING SDINS PY PARAMAGNETIC IMPURITIES*

P!. E. Skkillaci, R. L. tWson, R. t!. Kffner, and M. bon
Lns Alsmos .Scientific Latioratiry, LOS Klanas, w 87545 USA

S. A. lbdds and T. L. Estle
Rice University, tbustan, Texas ?7001 USA

We stdy t~ depn!arizatian of di?fusinp. spins (mmns) inteiact]nf
Wi t?, dilute paramaF,netic impurities in a snlid using a si-mple
cmptatinnal mcdel khich properly treats the Non motion and pre=rves
corr=t munr+impurlty d~stances. Imrg-range (diplar) and
nearest-neighhar (contart’ inter=tlons are treat@d tigether. Diffuslln
parmeters aiQ deduced and m.%e: emparisnns made far~~,d (300 pp’?’.

An inurestlng problm for uSR rewarch is to mderstand the dlffuslve
behavi~r afmurms in metals, In 3 r-’ent series of ●xperiments, w ap~oac%+:
this problw by stwiyxnp b“ depn!arizatlnr in Mrget materials that havv
neplip,ihlv ma!! nuclenr dlple manents and are doped with small conrentrat:.-,,.:
n~ pria~mtir Lmpur.ties. In this way, ue can ●xtend the rim~e .)T hosts ar.”
tem~eratures uhere it 1s ~ssihle tn dpt~m,lne wan dlffusim coefflc]e~ts. I“
add:ti.>n, UP car gain in fmmatinn about the impurity spin dynmics Wlcl. is 1).I!
accessit Ie tc cnnventiona! techniques, as bmll as detmnine th~ nature af t).v
musfifipurlty lnt4racti3n. A({yl? description nf the ●xperiments 1s F,lve” 1’,
an.~ther papw at this con ferenrr ; we ulsh tn report an a Carrputatlnr, a; m:>:o:
which F.>prly trents the man matinn and preserves correct wmr+m:’:rl: v
rllstance$, *,11P arc-iuntilf for impurity spin fluctuatlan and wmw rru.in-xrnplmll~
inter .wtilrs.

%.. ! n~ our data has beer annlyzefi usinr the m.>+rl of F.u. thchar!r ,’”” :’:,’
for cif this malp: is tIfISF! on the stenqy-statm snlullm nf thr diffu:; -
●qurr-. iar w tk de~,l ari?a*.1 ‘,r, an! is desl$, ner! f,nr trentlnr lani”-rw,,.
inter artinn$, s~t, ar dipl-dlp-,lc, he lat.ticc, ant? therefare the rmnn m.~t~.,~,
is assu--! t> he contlnuwsm In annther fom of the m.tiel, th nmic,~”lis assrf”:
ti,●xerute n randm walk (self. avoldinf~ in disc-et# hop? thro~ll the lattl.~,.
l%:s form is more stiitnhle for treat inF. nwwust- neighbnr inter artinn$, surl, a? ;)
conta?t interaction. Difficulties :ha: arise 1P ●pplylnr this m.tiel inclmlc:

(1) Ekc,wsr the dep,larizatinl] ter~ is pro~orti,m,~l ta r-” fc)r iI
diplar intermtim, t)le results ar~ sensitive to the discrete distancer
accessible tn the ~tmn w?wn close b the Impurity. mus, the DSMJWCIV ~Jr
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First, w cnunerate all pssible muon lccations in a spscified volr,e arrund
an impurity and list them according to distance frun the impurity, specifying the
nunber of sites at ●ach rtiius. The Non sites thus eonstitutv shells
surro~clinp the Impurity. Initially, the Wlarization residing on ●ach shell is
proportional to the nunber of sites on ●m}) shell, i.e., unifom polarization.
He assuw “Ae mon must go m a nearest-neighbor site ●ach time it Imps. The
transition ~obability per hop betmcn shells can then be detenrined.
Polarization is ●xchanged anong shells according to these Vobahil ities and lost
~ecarding to ~atever de~lafization merhani~ is beinf, considered.

We take Akd (~OP p~) as an ●xmple to illustr~te the rode!. Gold has ar
FC~ lattice (a =4.OP k), and w asmme the nxmn occupies only octahdral
interstitial sites. The volune is taken la be the mean volune per Lmpurity; ir,
aur ●xw,~le, this corresponds to a ralius of 23.42 L and includes 51 distincL
shells. ~e first shell at 2.(Iu A contains6 sites, thx second at 3.53 A E
sites, the thir:i at ~.56 A .?U sites, ●tc. The transition probability frm the
first sheli CC the secrmd 1s 1/3, from the fi~st to the third 1/3, fra? the
srcnn.1 tn the first ltu, fr-fi the third to the first 1/12. lhese ●xhaust ali
transitions irvnlvinp, the first shell. Similarly, trmsitinn probabilities cm
Le deter~ined far all 51 shells. hnu-rame intir=tinns have a deplarizlni
~flf=r” nn ~: ] Shc!ls, while nenrest-n~ip,htor lnterartirms influence the hrst
sh~!l nn! !’. Ue can W!te a syster of diffmsnt~al ●quatlsns descritllnF the
chan~-e In ~m!ar~;atlon fnr eacF, sh~!!:
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(b) The contact interaction daninates the dip>lar, W fin~ Hx = 35.3
koe--a reasonable value if the mechanisn 1s, for exanple, ● trans%rre:
hyperfine interaction S!C;I a mechanisn was invr.ked in NMR sttiies uf
supwinnic condut.ors;[6) hokawer, its suitability in thi~ situdtion is w!
ob~ious and requires Further stu!y.

(c) Because the contact
Inter=tion involves tlw innennost
~ell only, a similar A vs T curve 04
muld be obtaind by considering
only P dipn!ar interar?.ion with the
innermost shell radius rdllcal fi-ar
2.04 A to 1.37 A. h~ver, 11 is
difficult to believe that the o?
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